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The histological and  serological changes  in  animals  made  experimentally 
hypersensitive to foreign proteins have been separately studied by many  in- 
vestigators.  It does not fall within  the  scope of  this  report  to  review the 
extensive literature dealing with these subjects.  It is our purpose to attempt 
to correlate the sequences in the development of definite tissue changes with 
concomitant serological studies  of the  levels of antigen and antibody.  The 
demonstration by Rich and Gregory (1), that a single large injection of heterol- 
ogous  serum  may produce marked vascular lesions in rabbits not sensitized 
previously, has provided an experimental technique adaptable to such studies. 
Hektoen and Cole (2), Cannon and Marshall  (3), and others have pointed 
out the importance of using only highly purified and well characterized pro- 
teins in studies on the fundamental nature of immune reactions.  The methods 
for the  fractionation of plasma  proteins  recently developed in  the  Depart- 
ment of Physical Chemistry of the Harvard Medical School (4-10) have made 
available many of the proteins of both human  and bovine blood plasma  in 
states of greater purity and in larger amounts than could readily have been 
obtained by previous methods.  The use of these materials has  provided a 
new approach to studies of the reactions of hypersensitivity as well as to many 
other problems in biology and in clinical medicine. 
Martials 
Crystallized Bovine Serum Albumln.--Crystallized bovine serum albumin (Lot ACB32H2) 
was prepared according  to the methods of Cohn and Hughes (8) in the laboratories  of Armour 
and Company  and in the Department of Physical Chemistry  of Harvard Medical School  under 
contracts recommended  by the Committee on Medical Research  with the Office  of Scientific 
Research and Development.  The molecular  weight, as determined by osmometric  methods 
and by analysis in the ultracentrifuge  was 69,000.  The albumin was electrophoreticaUy  pure 
and impurities which could be detected by serologic methods were less than 0.05 per cent. 
The albumin was used in 25 per cent solution  in water especially  distilled for intravenous use, 
to which was added sodium bicarbonate (0.375 gln. per 100 cc. solution) and sodium chloride 
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(0.55 gin. per 100 cc. solution) giving a final pH of 6.8.  The solution was st~ by Seitz 
filtration; no preservative was added. 
Bovine  Serum  Gamma Globulin.--The  bovine  serum  gamma  globulin (Lot No.  170 D; 
Fraction H; Method 3A) was prepared in the laboratories of Armour and Company according 
to the methods of Cohn and his associates  and was furnished to us through the courtesy of 
Dr. Juies Porsche and Dr. James Losh.  By electrophoretic analysis, gamma globulins con- 
stituted 99 per cent and alpha globulins 1 per cent of the protein of the fraction.  1  The protein 
was used in 10 per cent solution in physiological saline without preservative.  The acidity 
was adjusted with a small amount of sodium bicarbonate to give a final pH of approximately 
7.0.  The solution was sterilized by Seitz filtration. 
Bocine  Serum.--The  bovine serum was furnished by Armour and Company through the 
courtesy of Dr. Jules Porsche.  It was sterilized by Seitz filtration without addition of pre- 
servative. 
Mesl~o& 
Plan of F~criments.-- 
Albino rabbits averaging 2000 gin. in weight were used throughout.  Most of these were 
males; the female animals are indicated in the tables.  Each animal received a single intra- 
venous injection  of the foreign protein, approximately ! gm, of protein per kilo of body weight. 
The animals that received crystailized bovine  serum albumin  and bovine serum gamma globu- 
lin were all bled from the ear veins at weekly intervah.  The animals that received bovine 
serum were bled for serological studies only at the time of sacrifice.  All animals considered 
in these experiments were killed by air embolisms and were autopsied immediately.  Five 
uninjected animals, kept under the same conditions and sacrificed in the same manner, were 
used as controis. 
The rabbits were observed dally in order to detect any cutaneous flushing such as was de- 
scribed by Fleischer and Jones (11) and corroborated by Rich and Gregory (1) without defini- 
tive resnits.  Rectal temperatures were not taken.  Skin tests were purposely omitted in 
order to avoid reintroduction of the antigen, 
Pat3wloglc~l Studle.s.-- 
The organs regularly examined included heart, lung, spleen, esophagus, small intestine, 
pancreas, liver, kidney, mesenteric lymph nodes, mesenteric blood vessels, and femoral bone 
marrow.  Organs examined in most but not all animals included skin, stomach, mesentery," 
large intestine, gall bladder, adrenal, ureter, ovary and uterus, testis, aorta, femoral artery, 
thyroid, parathyroid, thymus, trachea, voluntary muscle, knee joint, cerebral cortex, hippo- 
campus, brain stem, and cerebellum.  Sections were fixed in Zenker's fluid and in 4 per cent 
solution of formaldehyde.  The tissues fixed in Zenker's fluid were imbedded in paraffin and 
stained with eosin and methylene blue as routine.  Brains were fixed whole in formalin and 
sections were cut after fixation, imbedded in pa~,  and stained with hematoxylin and eosin. 
The knee joints were fixed whole in formalin, decalcified, trimmed, and imbedded in eelloidin. 
Sections  were stained with hematoxylin  and eosin.  Special stains on selected sections included 
i This analysis was carried out at the Armour Laboratories by Dr. Koenig in phosphate 
buffer at pH 7.7, ionic strength 0.2. 
An analysis carried out by Mr. Budka in the Department of Physical Chemistry, Harvard 
Medical School, in barbiturate buffer at pH 8.6, ionic strength 0.1, showed this fraction to be 
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Mallory's aniline blue stain for collagen, Verhoeff's stain for elastic tissue, Weigert's stain for 
fibrin, and Von Gieson's stain for connective tissue. 
Serolo~al Studles.-- 
Sterile blood specimens, drawn as specified above, were allowed to clot, and the serum was 
separated within 48 hours.  All specimens were stored in tightly corked sterile tubes at 4-8°C. 
until all tests on a group of rabbits could be run at the completio  n of an experiment.  Tests 
for antigen and antibody were made by qualitative rather than quantitative methods, since 
quantitative studies were being carried out in another series of animals (12) and qualitative 
tests were considered adequate for the purposes of this study, namely to relate the pathological 
changes to the serologic responses. 
T~ts for the pr~ence of antigen were carried out as follows on each sample of unknown 
serum  :- 
Into a series of four small test tubes 0.15 ml. of saline and 0.1 ml. of the appropriate anti- 
serum were pipetted.  To these other tubes were added 0.25 ml. of a sample of the serum to be 
tested in the first tube, 0.25 ml. of a  1 in 5 dilution of this serum in the second tube, 0.25 ml. 
of a 1 in 25 dilution of this serum in the third tube, and 0.25 ml. of physiological saline in the 
fourth tube, which served as a control.  These mixtures were shaken, placed in a water bath 
at 370C. for 1 hour, and then allowed to stand overnight in the refrigerator.  The following 
morning the amount of flocculent precipitate in the first three tubes was compared with the 
amount in the control tube.  The results were recorded as follows: heavy precipitate in tubes 
2 and 3 only ++++~++, heavy precipitate in tubes 1,  2, 3 -{--{--{--{-,  heavy precipitate in  tubes 
1 and 2, less in tube 3  -{--{--{-;  precipitate in tubes 1 and 2 only +-{-; precipitate in tube 1 
only +; trace of precipitate in tube 1 only -4-;  no precipitate 0. 
Antiserum  for these tests were prepared by immunizing groups of rabbits with small re- 
peated intravenous injections of the antigen used.  Three groups of rabbits were immunized 
with mixed bovine globulin, crystallized bovine serum  albumin,  and normal bovine serum 
gamma globulin respectively.  In the case of gamma globulin the same lot of material was 
used for immunization as for the experiments which form the basis of this paper.  In the case 
of crystallized bovine serum albumin, a different lot was used for immunization, but numerous 
studies in our laboratory have shown that different batches of crystalllzed bovine serum al- 
bumin react identically in serologic tests of this type.  The mixed bovine serum globulin was 
prepared according to the methods of Cohn and his associates.  2 
Injections were given intravenously 5 days a week for 3 successive weeks.  A week after 
the last injection the animals were bled from the ear vein.  If any serum reacted strongly with 
the homologous antigen,  that rabbit was bled three times from the heart at intervals of 2 
days.  If a test bleeding at 4 weeks showed a low titre of precipitating antibody, this animal 
was given daily injections for 3 to 5 days in the 5th week and bled again at the end of the 6th 
week.  Those showing precipitins in high titre at this time were bled, those not responding 
were discarded.  All potent serums were pooled, merthiolate was added  to a  final concen- 
tration of 1:5000, and the pooled serum was filtered through a  Seitz $1 pad and bottled for 
use. 
Serum prepared against  mixed bovine globulin was absorbed with sufficient crystallized 
bovine serum albumin to remove all precipitins for this protein and then served to detect the 
presence of other bovine serum proteins in those animals injected with whole bovine serum. 
With whole bovine serum, this antiserum gave moderately heavy precipitates even after ab- 
sorption. 
2 Mixed bovine globulin was designated as fraction IV (method 2) by Cohn, Strong, Hughes, 
Mulford, Ashworth, Melin, and Taylor (7).  It contained alpha and beta globulins as well 
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For immunization, the antigen was alum-precipitated to give a  final concentration  of 2 
mg. of protein per 100 cc. of the neutral suspension.  The injection routine was 1 rag. daily 
given intravenously the 1st week, 2 mg. daily the 2nd week, and 3 rag. daily the 3rd week. 
3 to 4 mg. were given daily if a fourth series of injections was necessary. 
Tests for the pre~nce of antibody were made on the serum of the experimental rabbits as 
follows  :- 
Tubes were prepared by sealing one end of a 3 to 4 cm. piece of pyrex glass tubing with an 
internal diameter of 3 ram.  These tubes were placed upright on a board covered with a layer 
of plasticine to serve as a base.  Each serum sample was introduced with a capillary pipette 
into a pair of these tubes to a height of approximately 1 cm.  Over this was earefu]ly layered 
an eq~l amount of 0.05 per cent solution  a of the homologous antigen in one tube, and phy- 
siological saline solution in the other as a control.  The tubes were placed in an incubator at 
37°C. for 1 hour and then removed, so that readings could be made promptly.  F~ach  tube was 
compared with its control tube before a  standard shielded light source against a dark baek- 
ground.  A clear cut ring at the interface between serum and antigen solution not seen at 
the interface between serum and saline solution in  the control tube was read as positive. 
In the rabbits injected with whole bovine serum an attempt was made to follow the behavior 
of the albumin and the various globulin fractions separately.  Tests for the presence of antigen 
were made with both antiserum to crystallized albumin and with antiserum to mixed globulin 
(absorbed  with albumin).  Tests  for antibody  were made  with  whole  serum,  crystallized 
serum albumin, and serum gamma globulin (Table III). 
OBSERVATIONS 
Effects of Crystallized Bovine Serum Albumin 
Twenty rabbits received a single injection each of crystaUized bovine serum albumin.  Five 
animals were killed 1 week after injection, five at 2 weeks, five at 3 weeks, and five at 4 weeks. 
They were bled from the ear veins at weekly intervals.  A summary of the serological and 
histological findings  is presented in Table I. 
The designation,  in the tables,  of the number of lesinns  encountered and  the degree of 
severity of the inflammatory and reparative changes by +, q-q-, +q-q-, q-q-++  is purely 
arbitrary.  An attempt is made, where possible,  to indicate the apparent stages in the patho- 
genesis  of the different lesions. 
A single animal (No. 4-4)  showed evidence of systemic disease,  lethargy, ruffled fur, and 
failure to gain weight.  At autopsy this rabbit showed extensive infestation by the Encephali- 
tezoon ¢uniculi.  There was no serological or histological evidence of hypersensitivity in this 
animal.  One animal (No. 5-4) lost weight (100 gin.) but otherwise appeared essentially nor- 
real.  In this animal there was histological evidence of hypersensitivity. 
Pathological Findings.--In  general the arterial changes observed were essen- 
tially  similar in  character  to  those  caused  by  reaction  to  whole  horse  serum 
as  described  by  Rich and  Gregory  (1).  However,  they were  encountered  in 
only eight of the twenty animals and nowhere were the lesions of the severity 
of those described by Rich and  Gregory (1)  or observed by us in animals  that 
reacted to whole bovine serum. 
The method  of sacrificing groups  of animals  at  regular  time intervals after 
the  injection  of  the  crystallized  bovine  serum  albumin  allowed  observations 
a In the case of bovine serum this was arbitrarily taken as a  I  in 100 dilution. TABLE I 
Serological  Histological 
Tests for  antigen  Tests *or  Lesions of hypersensitivity 
Rabbit  antibody 
No  ........... 
Week 
Arterial  Glomer-  My )-  Valvular 
ular  card ,al 
1  2  3  4  1  2  3  4 
4-~  ++++  0  0  0  0 
++++I 
4-7  ++++  +  0  0  0 
++++  ~rly 
4-8  ++++  0  0  0  0 
4-9  4-+4-4-  0  0  0  0 
++++ 
5-0  ++++  0  0  0  0 
++++ 
5~  ++++  +++  0  0  ++++  ++  0  ++ 
Acu~  ~ute  Acute 
5-5  ++++  +++  0  0  0  0  0  0 
5-6"  ++++  +++  o  o  ++  o  o  0 
~ute 
5-7  ++++  +++  0  0  +  0  0  +4-+ 
~ute  Acute 
5-8  ++++  +++  0  0  0  0  0  0 
5-9  4-+4-4-  4-+4- 
++++  +++  0 
~1  4-4-4-4-  4-4-4-  4-4- 
&2*  ++++  +++  ++ 
0  0  0 
0  0  + 
0  0  0  I 
0  0  0 
++  ++ 
Healing  0  0  Healing 
! 
÷++  o  o  I  + 
Healing  Healing 
0  0  0  0 
0  0  0  0 
&3  ++++  +++  0  0  0  +  +++  0  0  + 
Healing  Healed 
4-1  +++++++++++++  0  0  0  0  +++ 
4- 4- 4- 4-  Healed 
0  0 
4-2  4-4-4-4- 4-4-4-+ 4-4-4- 4-+  0  0  0  0  0  0  0 
+ 
Healed 
i 
i 
0 
4-3  4-++4-  4-4-4-  4-  -4-  0  0  0 
4-4-4-4- 
0  0  0  0 
4-4  +++4  4-4-4-  4-+  +  0  0  0  0  0  0  0  0 
4-5  ++++  +++  +++++  0  0  0  0  0  0  0  0 
* Female animal. 
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on the sequences of the tissue changes.  The stages of inflammation and repair, 
when encountered, were surprisingly uniform within each group. 
An early lesion was found in a single animal in the group sacrificed 1 week after injection 
(Fig. 1).  The striking feature was the swelling of the endothelial ceils and the subjacent 
smooth muscle cells  in a sharply  delineated  segment of a branch of the coronary artery.  There 
was beginning infiltration of the subintimal and muscular layers by a few polymorphonuclear 
leucocytes  and lymphoid  cells.  There was no deposition of fibrin nor was there a demonstrable 
accumulation of intercellular  edema fluid. 
In three of the rabbits sacrificed 2 weeks after injection the tissue changes were limited for 
the most part to the intimal and subintimal coats of the larger pulmonary vessels, the great 
vessels of the heart, the valvular endoeardium,  and, in several instances,  the mesenteric  ar- 
teries.  The striking feature was the extensive infiltration of these tissues by monoeytes and 
lymphoid cells and proliferation of these cells and fibroblasts (Fig. 2).  Scattered polymor- 
phonuclear leucocytes  were  also present as were  occasional  eosinophiles.  In no instance 
were  there severe  degenerative  changes.  Fibrin or "fibrinoid" material was  not present. 
There was continued swelling of the smooth muscle ceils and rare polymorphonuclear leuco- 
cytes and monocytes were found in the musculature and adventitla. 
In three animals sacrificed 3 weeks after injection there were lesions encountered in the sites 
previously  noted.  These were characterized by fibroblasfic proliferation and collagen forma- 
tion accompanied  in some instances by the formation of endothelial buds and capillaries, 
giving them granulomatous appearance.  Evidence of repair of more severe  inflammatory 
changes than those previously desscribed was seen in some arteries where fibrin shreds were 
undergoing  organization.  In these lesions there was also proliferation of fibroblasts within 
the musculature and adventitia of several large coronary arteries.  There was striking thick- 
ening of the intimal coat by this newly formed connective  tissue  and there was resultant 
narrowing of the lumen of the vessel and burying of the internal elastic membrane (Fig. 3). 
Only a few monocytes, lymphoid cells, polymorphonuclear leucocytes, and eosinophiles were 
present. 
Only a  single animal in the group sacrificed at 4 weeks showed lesions with evidence of 
healing of arterial inflammation.  This showed the reparative process essentially complete, 
with no evidence of continued fibroblastic  proliferation (Fig. 4).  Small numbers of lymphoid 
cells were to be found in the walls and adventitia of these vessels. 
It is of interest to point out that in the arcuate arteries of one kidney there 
was segmental thickening of the intima with resultant narrowing of the lumen. 
The  segment of the vessel adjacent to  the corresponding vein was spared in 
all instances  (Fig.  11).  This phenomenon  has been observed by us in  other 
experiments. 
One of the animals showing vascular lesions among those sacrificed 2 weeks 
after injection showed moderate sweUing of the glomerular endothelinm without 
infiltration  by  polymorphonuclear  leucocytes  or  the  formation  of  coagula 
in the subcapsular spaces or casts within the tubules.  This mild glomerulone- 
phritis  resembled  that  originally described  by  Longcope  (13)  and  also  by 
Rich and Gregory (1), and others. 
Apart  from  these  arterial,  endocardial, and  glomerular lesions  there  were 
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The knee joints were examined in every instance and no synovial changes were 
found. 
Serologic Findings.--The  serologic  studies  in  th~se  animals  revealed  the 
presence  of large  amounts  of circulating antigen  at  1  and  2  weeks after  in- 
jection, and,  together  with  this,  complete absence  of precipitins for  crystal- 
lized bovine albumin.  In  the  group  sacrificed at  3  weeks,  antigen had  dis- 
appeared from the serum of two rabbits (No. 6-0 and No. 6-3), both of whom 
showed precipitins in the  serum,  and was present in greatly diminished  con- 
centration in the blood in one other animal (No. 5-9).  It is interesting to note 
that these three animals alone of the group showed lesions, which were in  the 
healing phase.  In the animals sacrificed at 4 weeks, the single animal showing 
lesions (No. 4-1)  still had antigen in the circulation, as did the other animals 
in  the group,  none  of which  exhibited pathological tissue  reactions. 
Effects of Bovine Serum Gamma Globulin 
N'meteen rabbits received a single injection each of bovine serum gamma globulin.  Five 
animals were killed 1 weeks after injection, five at 2 weeks, five at 3 weeks, and four at 4 weeks. 
They were bled from the ear veins at weekly intervals.  A summary of the serological and 
histological findings is presented in Table II.  A single animal (No. 3-1) had diarrhea and 
failed to gain weight.  The others remained in apparent good health throughout the course 
of the experiment. 
Patkological Findings.--The  particularly striking histologic feature  of  this 
series  was  the  high  incidence  of  acute  glomerulonephritis and  its  sequelae. 
The  changes were  sufficiently constant  within  each  group,  when  present,  to 
warrant a  general description of the apparent sequences. 
The acute stage was striking in the animals sacrificed at 1 week.  The kidneys were turgid 
and pale in the gross.  Microscopically the glomeruli were swollen to one and one-half times 
normal size, on the average (Fig. 5).  The number of cell nuclei in the glomerular tufts was 
approximately twice that counted in the tufts of the normal animals; mitotic figures were 
occasionally seen.  The individual capillary endothelial ceils were swollen and the capillary 
lumens were narrowed or occluded  so that the glomeruli were relatively bloodless.  Small 
numbers of polymorphonuclear leucocytes were present within the capillaries  and some were 
migrating through the capillary basement membranes.  There were  moderate numbers of 
mononuclear  cells which  were  distinguished  with difficulty  from the swollen capillary en- 
dothellum.  These probably accounted for most of the increase in glomerular cellularity.  In 
some of the glomeruli there were droplets and amorphous masses of intracapillary  coagulum. 
The acidophilic  character of this and its occasional contiguity  with red cell rouleaux suggested 
its origin, at least in psxt, in laked erythrocytes.  Only rarely was there emaciate  or coagulum. 
in the subcapsular spaces.  The ceils  of the epithelium of Bowman's capsule showed only slight 
to moderate swelling  Occasional convoluted tubules showed colloid  degeneration of the lining 
cells.  Many of the loops of Henle contained basophilic colloid casts.  The precapillary ar- 
terioles, as well as the other vessels of the kidney, presented no changes. 
There was evidence only of reparative processes in the groups sacrificed at longer intervals. 
In one animal killed  2 weeks after injection, in one killed  at 3 weeks, and in all killed  at 4 weeks 
there were varying degrees of glomerular scarring, with no histologic evidence of the persist- TABLE  II 
Rabbit 
No. 
1 
2-1  +++ 
2-2  ++ 
2-3  +++ 
2-4  ++++ 
2-5  ± 
2-6  ++++  0 
2-7  ++++  0 
2-8  ++++  0 
2~  +++  0 
3~  ++++  0 
++++ 
3-1  ++++  00 
3-2  +++  00 
3-3  ++++  00 
3-4  ++++  0  0 
3-5  ++++  00 
Serological 
Tests for antigen  Tests for antibody 
Week 
2  3  4  1  2  3 
0 
+ 
3-6 
3-7 
3-8 
3-9 
0  + 
0:1- 
0  + 
0  + 
0  + 
0  +  + 
0  +  .4- 
0  +  0 
0  -4-  0 
0  +  + 
0  0  0  +  +  .4-  0 
teri 
+ 
+ 
+ 
++++  0  0  0  0  +  +  ? 
++++ 
000++++ 
+  0000~0? 
Histological 
Lesions of hypersensitivity 
+ 
+ 
+ 
0 
d  Glomerular  Myocardial 
+++  ++ 
Acute  Acute 
+++  +++ 
Acute  Acute 
+  0 
Acute 
+++  ++ 
Acute  Acute 
++++  0 
Acute 
0  + 
0  0 
+  + 
+  + 
Healing, 
healed 
0  0 
0  0 
0  0 
0  0 
0  0 
+++  0 
Healed 
+++  0 
Healed 
++  0 
Healed 
+  0 
Healed 
++  0 
Healed 
Valvular 
++ 
Acute 
++ 
Acute 
++ 
Acute 
++ 
Acute 
+ 
Acute 
+ 
+ 
+ 
0 
+ 
+ 
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ence  of  an acute or chronic inflammatory process.  In  these animals the majority of the 
glomemli showed adhesions between tuft and capsule (Fig. 6).  These were composed of 
recently formed collagenous tissue.  The epithelial cells covering these adhesions were often 
prominent and in a few instances gave the appearance of "crescents."  The glomeruiar tufts 
for the most part had returned to normal cellularity; the capillaries  were patent and the capil- 
lary endothelium was flattened.  There were many intercapUlary adhesions particularly at 
the base of the loops adjacent to the apparatus of Goormaghtigh.  Only  rare capsular spaces 
contained a delicate reticuium of precipitated protein.  Rare tubules were atrophic, these in 
association with the most scarred glomeruli.  Only  rare conoid casts were present in Heule's 
oops and in the smaller collecting tubules. 
Arterial lesions attributable to hypersensitivity to the bovine serum gamma 
globulin were few in number and slight in degree.  They were limited to the 
great vessels of the heart and lungs.  They resembled those previously described 
and  were  characterized  by mononuclear  and  lymphocytic infiltration  of  the 
intima  with  subsequent  fibroblastic  proliferation.  Necrotizing  lesions,  or 
evidence of repair of such lesions as were found in rabbits which had received 
injections of whole bovine serum, or crystallized bovine serum albumin, were 
not encountered in this group. 
In  several animals  there  were lesions strongly suggestive  of Aschoff body 
formation (Fig. 7).  These were essentially similar to the changes in the hearts 
of  rabbits  which  had  received  repeated  intravenous  injections  of  foreign 
protein  described  by Longcope  (13),  Boughton  (14),  Klinge  (15),  Rich  and 
Gregory (16), and others. 
The lesions were seen in the animals sacrificed 1 and 2 weeks after injection.  They were 
characterized by loci of degeneration in the connective tissue at the bases of the valves and 
occasionally in the connective tissue of the myocardium itself.  The collagenous fibers ap- 
peared swollen, fragmented, and stained poorly.  Cellular infiltrations surrounded  the zone 
of necrosis; mononuclear cells were in preponderance.  There were also striking numbers of 
cells resembling the "Anitschkow myocyte."  The acute nature of the lesion was attested by 
the moderate numbers of polymorphonuclear leucocytes present.  Comparable lesions were 
not encountered in the animals sacrificed at 3 and 4 weeks after injection, nor were there any 
changes which  might be unequivocally interpreted  as  the  repaired  stages  of such  lesions. 
In the synovial membranes of the knee joints of eleven rabbits of this series 
of animals,  there were focal accumulations of monocytes and  lymphoid cells 
without evidence of degenerative changes in  the  subserosal connective tissue 
or inflammatory exudate within  the joint space (Fig. 8).  These were rather 
mild in degree throughout, but they represented a distinct departure from the 
normal.  There was no evidence that these cells disappeared as inflammatory 
changes elsewhere underwent repair. 
In  two  animals sacrificed  1  week after  injection  there  were focal hepatic 
lesions  characterized  by infiltration  and  perhaps proliferation  of  monocytes 
and lymphocytes beneath the endothelium of the sinusoids.  These were corn- 580  EXPERIM'ENTAL HYPERSENSITIVITY 
monly found in the  centrolobular areas.  Often  the  cellular  infiltratons  ap- 
peared to have obliterated  the sinusoids.  In a  number of areas the hepatic 
cord cells were necrotic and were infltrated by polymorphonuclear leucocytes 
(Fig.  9).  Evidence  of repair of such  lesions was not  recognized  in  animals 
sacrificed at 2,  3,  and 4  weeks. 
Serological Findings.--There  were  three  striking  differences  between  the 
findings  in  this  group  of  animals  (Table  II) and  those  in  the  group  given 
crystallized bovine albumin  (Table I).  First,  the antigen disappeared much 
more  rapidly  from  the  circulation;  second,  it  disappeared  from  the  serum 
of every rabbit observed for 2 weeks or more; and third, precipitins appeared 
in the serum of every rabbit observed for at least 2  weeks.  Thus,  after the 
injection of bovine gamma globulin, this heterologous protein was completely 
removed from the circulation  at some time between  1 and  2  weeks, and  its 
removal was followed by the prompt appearance of antibodies in the blood of 
all  animals.  Paralleling  these  serological  findings  were  the  pathological 
observations that  the lesions appeared acute in rabbits sacrificed but  1 week 
after injection. 
Effects of Bovine Serum 
Nineteen rabbits received a single intravenous injection each of bovine serum.  Four of 
these animals were kiUed I week after the injection, four at 2 weeks, and the remainder at 
4 weeks.  They were bled from the ear vein at the time of sacrifice.  One animal (No. 4) died 
6 days after injection as the result of acute  bacterial endocarditis with generalized septic 
emboli.  A second rabbit (No. 6) died 8 days after injection with fresh thrombi in the heart 
and pulmonary vessels, and with chronic pyelonephritis of moderate severity.  Satisfactory 
serological studies could not be carried out on these animals.  A single animal (No. 1-8) died 
in convulsions 5 minutes after injection and is similarly not considered in this report.  The 
other animals remained in apparent good health. 
A  summary of  the  serological  and  histological  findings  appears  in  Table 
III.  The  incidence,  character,  and  distribution  of  vascular  lesions  were 
essentially  similar to  those  described  by Rich  and  Gregory  (1)  using  horse 
serum  in  comparable  quantities.  The  acute  inflammatory  and  reparative 
changes in the arteries were appreciably more pronounced than in the animals 
which received crystallized bovine albumin, but the sequences were the same 
as have been already described.  The vessels involved were, in general, large 
to  small arteries  rather  than  arterioles,  and  points  of branching  were  often 
the sites of lesions. 
Early inflammatory changes as described for rabbits sacrificed 1 week after 
injection with crystallized bovine albumin were also present  1 week after in- 
jection with whole bovine serum in  two of four animals. 
The  inflammatory process was at  its height  in  the  four  rabbits  sacrificed 
2  weeks after injection.  In additiou  to  features previously described  there 
were, in many instances,  marked edema of the walls of the vessels involved C.  V.  HAWN  AND  C.  A.  JANEWAY 
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Rabbit 
No. 
1 
2* 
3 
5 
? 
8 
9 
1-0 
1-I 
1o2 
14 
1-,I, 
1-5 
1-6 
1-7" 
1-9 
Serological 
Tests for antigen  Tests for antibody 
Crystalline B  Mixed  Crystal-  Gamma  albumin  globulin  Whole serum  llne B 
Wttl¢  albumin  globulin 
I  2  !4  1  24  I  2  4  4  2  4 
++++  ~-  o 
++++  ++  o 
++++ 
++++  ÷+  o 
++++! 
++++i  ++  o 
++++ 
+  o  ++++ 
++++  +  o 
++  +  o 
+++ 
i 
i 
l 
-l-  C 
o  i++++ 
o  +++ 
o  +++ 
o  +++ 
o  ++ 
4-  o 
0  4. 
o  ++++ 
Lesions oi hypm~mitivity 
Arte-  Olo-  Myo-  Valvu- 
rial  merular cardial  lar 
0  0 
+++  o 
Early 
0  0 
+  O 
Early 
++  o 
Acute 
++++  o 
Acute 
++  o 
Acute 
++++  o 
Acute 
++-F  ++++  +++  0 
Healed 
•  ~  ++  ++++  o 
Healed 
4.  ++++  ++++  0 
Healed 
o  .4-  ++  o 
Healed 
.4-  4-  0  0 
0  0  0  0 
0  0  0  0 
++-~  ++++  ++++  + 
Healed  Healed 
++  o 
Acute 
+  0 
Acute 
0  0 
0  0 
0  0 
0  + 
Acute 
0  0 
o  + 
Acute 
0  + 
Heal~ 
0  0 
0  0 
0  0 
0  0 
0  0 
0  0 
0  0 
* Indicates female animals. 
and extensive infiltration  by polymorphonuclear leucocytes as well as mono- 
cytes.  The perivascular infiltration  was often striking.  Deposition of fibrin 
at the internal elastic membrane and at the juncture of external musculature 582  EXPERIMENTAL  HYPERSENSITIVITY 
and adventitla was much more constant than in animals injected with crystal- 
lized bovine albumin.  The segmental character of the inflammatory changes 
was of particular interest and the sparing of the segment of artery adjacent 
to a vein was noted in several instances (Fig. 10). 
Five of the eight rabbits sacrificed 4 weeks after injection showed striking 
repaired arterial lesions.  Only very few inflammatory cells remained in  the 
vessel walls or adventitla; there was no residual edema or fibrin.  There was 
marked intimal thickening, often irregular and segmental, with the result that 
the internal elastic membrane was buried deep under the newly formed tissue 
(Fig.  12).  The  thickened  intima  was  composed predominantly of  recently 
formed connective tissue but smooth muscle cells were also present and showed 
a tendency to arrangement into a rudimentary circular coat. 
The changes in the pulmonary vessels were much less severe than those en- 
countered elsewhere and for the most part consisted of subendothehal infil- 
tration of monocytes and lymphoid cells with but little edema of the vessel 
walls and rare fibrin deposition. 
The inflammatory changes in the heart valves and myocardium resembled 
those previously described and do not merit separate description at this time. 
There was  no evidence  that  these  lesions  were  of a  progressive  or  chronic 
nature.  There was no evidence of acute glomerulonephritis in  any animal. 
In a  single animal  (No.  1-9),  there were rare adhesions between glomerular 
tufts  and  capsule.  Knee  joints  were  not  examined  throughout  but  those 
examined showed no changes.  There were no focal hepatic lesions. 
Serological Findings.--The  serologic changes  in  these animals  (Table III) 
suggest  the presence of greater amounts  of bovine albumin  than  of bovine 
globulins in the circulation at 1 and 2 weeks after injection.  However, neither 
component disappeared  from  the  serum  until  between  2  and  4  weeks  had 
elapsed, when precipitins for whole serum were found in  the blood of  most 
of the animals.  Precipitins appeared to be formed to gamma globulin some- 
what more intensely  4 at 4  weeks than  to the albumin.  In  the serum of the 
only rabbit (No. 1-6) in which antigen was still detectable 4 weeks after injec- 
tion, no precipitins were found.  Acute lesions were exhibited by all rabbits 
in whose serums antigen was found at 2 weeks and healed lesions by all animals 
in whose serums precipitins were found in high  titre  4 at 4  weeks  (Nos.  1-1, 
1-2, 1-3, 1-4, 1-9). 
DISCUSSION 
It is of particular importance to recognize, in so far as is possible, the mani- 
festations of spontaneously occurring disease in rabbits and to avoid attributing 
these to experimental hypersensitivity. 
4 The fit.re of precipitln was estimated solely on the basis of the amount of flocculation at 
the interface between antigen solution and serum.  In all serums marked -{--{-~ or -b-b-b-{- 
there was sufficient precipitate so that not only was a ring formed but bits of precipitate settled 
to the bottom of the tube as well C.  V.  HAWN AND C.  A.  ~ANEWAY  583 
Spontaneous arterial lesions comparable to those of acute periarteritis in man were 
not reported in the discussion of this problem by Smith, Zeek, and McGuire  (17), 
nor have they been observed by Rich and his associates.  They did not occur in our 
own control animals in these or in other experiments.  Degenerative changes in the 
aorta have been described by Miles  (18), Pearce (19), and others.  It is of interest 
to note that a significant number of the animals assumed to be normal by Pearce (19) 
had received injections of foreign proteins in various forms. 
Glomerulonephritis does not fall in the category of spontaneously occurring disease 
in rabbits.  Ophiils (20) described the kidneys of fifty supposedly normal rabbits and 
conduded that while interstitial inflammatory lesions were common, lesions of renal 
blood vessels or primary lesions of glomeruli were not found in any case.  This has 
been our own experience. 
Goodpasture  (21)  found cerebral lesions in ten  out of thirty  "normal" rabbits, 
described the causative organism (Encepho2itozoon cuniculi),  and called attention to 
this disease as a source of confusion in experimental work.  He noted that each cere- 
bral lesion was focal, usually related to a small blood vessd to one side of which it was 
situated.  In addition he described the focal pneumonitis and focal pyelonephritis 
caused by the encephalitozoon and commented that in the lungs and kidneys the or- 
ganisms could be found in only a few foci although the lesions might be numerous. 
These lesions of encephalitozoon infestation were present in approximately one-third 
of our animals.  The organisms were found in many instances.  There was no ap- 
parent relationship between infestation and experimentally induced hypersensitivity. 
We have avoided attributing vascular lesions of the central nervous system to hyper- 
sensitivity,  and we are  reticent  to accept focal pneumonitis  as  an  experimentally 
induced lesion when there is evidence of encephalitozoon infestation. 
The hepatic and intestinal  lesions caused by Cocddium  perforans are not easily 
confused with any of the histologic manifestations of hypersensitivity and there was 
no apparent  correlation between  the  incidence of coccidiosis and  that  of arterial, 
cardiac, or glomerular lesions. 
"Spontaneous  interstitial  myocarditis"  in  rabbits  as  described  by  Miller  (22) 
is a  source of confusion in the interpretation  of myocardial lesions attributable  to 
hypersensitivity.  However, as Rich and Gregory (16)  have emphasized, the spon- 
taneously occurring infiltrations are not found in the valves or at the bases of the valves 
and are not characterized by degenerative changes in collagen.  In this report only 
acute inflammatory lesions found on or beneath the endothelium of valve or adjacent 
endocardium, in the connective tissue and contiguous myocardium at the valve base, 
or in the periarterial  connective tissue of the myocardium are regarded as produced 
experimentally. 
The synovial infiltrations may be regarded presumably as a manifestation of hyper- 
sensitivity since they were not encountered in normal control animals.  Possibly the 
hepatic infiltrations and focal necroses seen in animals injected with bovine serum 
gamma globulin may be similarly regarded. 
In the animals which did not show histologic and serological evidence of hyper- 
sensitivity there was no evidence of storage of the injected material.  Minor changes 
in the spleen and bone marrow, such as were interpreted by Bailey and Hawn (23) 
as evidence of increased blood destruction, were present in a few animals. 584  F.XPERIMENTAL  HYPERSENSITIVITY 
The histological evidence indicates  that  hypersensitivity to bovine serum 
gamma  globulin  is  much  more  readily elicited  than  to  crystallized bovine 
serum albumin.  Fourteen out of nineteen animals receiving injections of the 
globulin showed some or all of the changes described.  Eight out of twenty 
animals receiving injections of the albumin showed such changes. 
A striking feature of these reactions of hypersensitivity was the high incidence 
of glomerular lesions in animals sensitized to bovine serum gamma globulin; 
eleven of the fourteen reacting animals showed such changes.  Only one of the 
eight  animals  sensitized  to  crystallized  bovine  serum  albumin  showed  this 
tissue reaction.  Of the eighteen rabbits receiving whole bovine serum, thirteen 
showed evidence of hypersensitivity and only one showed glomerular lesions. 
The prcduction of widespread arteritis was not elicited by injection of bovine 
serum, gamma globulin, despite the high incidence of sensitization.  It is our 
impression that the lesions of valvulitis and myocarditis elicited by the globulin 
were more severe in addition to being more numerous than those elicited by 
the albumin or by the whole serum. 
It must be emphasized that the experiments reported by Rich and Gregory 
(1, 16) were carried out for the most part with whole horse serum, which may 
account for the higher incidence of glomerular and myocardial lesions in their 
animals.  In general, the incidence, severity, and distribution of the arterial 
lesions in the rabbits injected with bovine serum appear to have been essen- 
tially the same as with horse serum.  Certainly there is no evidence that the 
reactions of hypersensitivity to bovine serum are more severe than  those to 
horse serum,  as reported by Takeda  (24).  Although  no rabbit died as  the 
result of hypersensitivity our results are not in accord with those of Fox and 
Jones  (25)  who  found  "significant  histopathological  changes  were  limited 
almost exclusively to the heart and consisted primarily of mild vascular and 
perivascuiar  alterations  of  the  smaller  branches  of  the  coronary arteries" 
in comparable experiments. 
The time of production of the lesions following injection of bovine serum 
gamma globulin was earlier than that following injection of crystallized bovine 
serum albumin or whole bovine serum.  Acute glomerulonephritis was present 
1 week  after  injection.  Glomeruiar  adhesions  were  found  at  2,  3,  and  4 
weeks.  The most striking acute lesions of arteritis were encountered 2 weeks 
after injection of crystallized bovine serum albumin or whole bovine serum. 
Healing was still active at 3 weeks, but was essentially completed by 4 weeks. 
These experiments also furnish evidence of the acute nature of the induced 
lesions.  Some of the observed changes appear  to have been reversible; the 
glomerular swelling found in all rabbits sacrificed at 1 week was not encountered 
in subsequent groups.  The arterial lesions were reparable within a short time. 
It is interesting to observe that the sites to which antibody formation is usually 
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liver, and lymph nodes, are spared tissue damage.  One of the principal his- 
tologic features  of  the  earliest  lesions  was  the  presence  of monocytes and 
lymphocytes.  There  has  been  recent  experimental  demonstration  of  high 
concentration  of antibody in lymphocytes by Dougherty, Chase,  and White 
(27).  Kass  (28)  showed abundant  gamma  globulin identical with antibody 
in these cells.  Ehrich and Harris (29) demonstrated antibody in lymph nodes 
before its appearance in the general circulation. 
Localization of certain highly specialized antigens in tissues has been demon- 
strated  by Coons,  Creech,  Jones,  and  Berliner  (30),  Kay  (31),  and others. 
The speculation seems justified from the histological evidence that, follow- 
ing an intravenous injection of a  large amount of antigen,  there is selective 
localization of some of the antigen in certain tissues, arterial walls,  glomeruli, 
heart valves, etc.  It seems possible that antibody is brought to such sites by 
lymphocytes and monocytes or arises in these sites as the result of the activity 
of fixed cells potentially competent to elaborate antibody.  The resultant inter- 
action between antibody transported to, or elaborated in, the sites of antigen 
localization  gives rise to the described changes  of inflammation  and  repair. 
Previous studies of serum sickness in man by Hamburger and Moro (32) 
and by Longcope and Rackemann  (33) have substantiated the hypothesis of 
yon Pirquet and Schick (34) that the disease is the result of an antigen-antibody 
reaction.  Studies of anaphylaxis in animals have given support to the addi- 
tional conception that such reactions must take place upon or within the cells 
to produce symptoms and  would indicate  that  anaphylaxis can arise either 
from a  reaction  between free  antigen  and  fixed  antibody or between fixed 
antigen  and  free antibody.  This evidence has been admirably summarized 
by Longcope (35).  Our studies haveadded to this basic information in only 
three ways; first, by the use of a pure serum protein (presumably a single anti- 
gen) instead of the mixture of antigens in whole serum, simplifying interpreta- 
tion  of the  immunological data;  second, by the demonstration  of different 
pathological and immunological responses to two different serum proteins from 
the same species; third,  by the correlation  of immunological responses with 
pathological  sequences. 
Comparison  of the  serological  observations with  the pathological studies, 
supports the interpretation that the lesions observed were the result of an inter- 
action between antigen  and  antibody.  In  general,  acute lesions  were only 
observed while antigen was still present in the circulation, and healing or healed 
lesions at a time when antigen was no longer demonstrable and free antibody 
could be found in the serum.  This generalization hoMs for the animals who 
received bovine serum and bovine gamma globulin (Tables II and III).  In 
the case of those injected with albumin (Table I) lesions were reported as healed 
in  rabbit 4--1 at  a  time when  antigen  was still demonstrable  in  significant 
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apparent,  but  it  has  its  parallel  in  experiences  with  the  administration  of 
crystallized bovine serum albumin to human volunteer subjects (36).  Severe 
delayed reactions were observed in a  number of the volunteers; in some the 
subsidence of symptoms coincided exactly with the disappearance of antigen 
from the circulation; in others with comparable symptomatology, convalescence 
began when antigen was still present in considerable concentration. 
Thus,  the  simple hypothesis that  the  symptoms of human serum sickness 
or  the  lesions  observed in  our  experimental  animals  are  due  to  a  reaction 
between free antigen in the  circulation and antibody as it is formed in local 
areas seems hardly tenable.  Moreover, such an explanation would not readily 
account for the difference in distribution of lesions in animals receiving gamma 
globulin on the one hand and albumin on the other.  It seems more likely that, 
owing to chemical differences between the two antigens, they have been fixed 
to  tissue cells in different sites and  that the lesions are the result of a  local 
reaction between such fixed antigen and antibody, which has either been formed 
locally or brought  to the site in mononuclear cells.  There are other factors 
to be considered, upon which we have no adequate data, such as the quantita- 
tive relationship between antigen and antibody necessary to evoke inflamma- 
tory changes, the importance of complement in the reaction, or the availability 
of such substances as histamine, release of which may play a rSle in mediating 
the responses to the irritation produced by antigen-antibody reactions. 
There are interesting parallels between human serum sickness and our ob- 
servations  in  rabbits. 
The lesions were essentially similar to those described in patients dying with serum 
disease by Clark and Kaplan (37) and subsequently in patients with combinations of 
delayed reactions to foreign serum and the sulfonamides by Rich  (38). 
In their classical  monograph on serum sickness,  Von Pirquet and Schick (34) ob- 
served that the disease often ran a course consisting of two or more stages.  Longcope's 
studies confirm this clinical observation (39).  In these instances, whole horse serum, 
which is known to cofitain a number of antigens, was used therapeutically.  The first 
stage of the disease  was characterized by an incubation period of approximately 1 
week, fever, edema, albuminuria, lymphadenopathy, and urticaria.  In the second 
stage, which usually was continuous with the first, many of the same symptoms were 
observed but fever was often more marked and the rash was often described as ery- 
thema multiforme and occasionally as purpura.  In the serum sickness which follows 
the injection of the concentrated and purified antibody globulin solutions used in recent 
years, the incubation period is usually brief (5 to 10 days) and rashes other than urti- 
caria are sddom observed.  On the other hand, in subjects given crystallized bovine 
serum albumin, serum sickness  was infrequent,  but when it occurred was charac- 
terized by a long incubation period (17 to 21 days) in most cases and by purpura and 
erythema-multiforme-like rashes occordlng  to Heyl, Seegal,  and Janeway (36)  and 
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These observations are  significant in the light of our finding of the more 
rapid evolution of the lesions and more rapid disappearance of antigen from 
the blood of rabbits receiving gamma globulin as compared with rabbits re- 
ceiving crystallized bovine  albumin.  That  the  globulin  fractions  of  horse 
serum will sensitize guinea pigs more rapidly than the albumin fraction was 
first observed by Dale and Hartley (41), 
It is worth pointing out that quantitative factors may be of considerable 
importance  in  determining the  distribution of lesions.  Thus  when  gamma 
globulin was given as whole serum (in a dose of about one-tenth the size that 
was used when it was given alone) none o~ the glomerular lesions were observed 
which were such a  striking feature of the pathological response in the latter 
case.  On  the  other  hand,  the  greater  intensity and  frequency of arterial 
lesions in animals receiving whole serum  as compared with those receiving 
crystallized albumin suggest that either there is a  synergistic effect between 
a number of related proteins acting as antigens or that other related fractions 
(the non-crystallizable portion of the albumin fraction or some of the alpha 
and beta globulins) are more antigenic than crystallized bovine serum albumin. 
These  experiments  leave  a  number  of  interesting  questions  unanswered. 
If the acute inflammatory lesions are due to the interaction of antigen fixed 
in the tissues and antibody brought to the site in lymphocytes, what deter- 
mines  the  spotty localization of the  antigen or  the  selective localization of 
gamma globulin in one group of tissues and of albumin in another?  In what 
form is antigen fixed in the tissues?  Does its presence serve as a  primary irri- 
tant calling forth inflammatory cells, which in turn produce antibody locally, 
or is the antibody response initiated only in lymph nodes through which antigen 
circulates and from which lymphocytes are liberated containing specific anti- 
body as the result of this stimulation?  Why the interaction of antigen and 
antibody at cell surfaces should be irritating has never been adequately ex- 
plained.  Thus, more questions have been raised than can be answered.  These 
experiments do demonstrate that the character and distribution of the inflam- 
matory lesions of hypersensitivity depend in part  at  least on  the  chemical 
nature of the antigen and that, following an injection of foreign protein, the 
evolution of the pathological lesions may be  correlated with the  serological 
responses to a  sufficient degree to support the postulate that the lesions are 
the result of an actual interaction between antigen and antibody in the tissues. 
SUMMARY  AND  CONCLUSIONS 
1.  Groups  of normal  rabbits  were  given  single  intravenous  injections of 
foreign proteins in doses of 1 gin. per kilo, bled at regular intervals for serologic 
studies, and sacrificed after varying lengths of time for pathological studies. 
The protein solutions used were of crystallized bovine serum albumin, bovine 588  EXPERr~FENTAL  HYPERSENSITIVITY 
serum gamma globulin, and bovine serum.  The experiments were planned, 
first,  to  correlate  the  sequence  of pathological and  immunological changes, 
and second, to compare the responses to two chemically and immunologically 
distinct plasma protein fractions and to the whole serum of the same species. 
2.  (a)  The principal pathological lesions in rabbits given bovine serum were 
similar to those which have been previously observed following,  the injection 
of horse serum and were characterized by widely dispersed but segmental acute 
inflammatory lesions  of  the  arteries.  These  lesions  were  at  their height  2 
weeks after injection and showed marked repair at 4 weeks. 
(b)  Crystallized bovine  serum ~albumin produced  lesions almost exclu- 
sively confined to  the  arteries which were  at  their height at  2 weeks,  were 
healing at 3, and healed by 4 weeks.  The lesions were less numerous and less 
intense than in animals given whole serum and were only found in some of the 
animals. 
(c)  Bovine serum gamma globulin elicited quite different histologic se- 
quences.  The  most striking lesions involved the  glomeruli of the  kidneys, 
and to a lesser degree, the heart.  Lesions in the liver and joints were present 
but less conspicuous, and arterial lesions were rare and slight in degree.  The 
lesions not only differed from those in rabbits given albumin in distribution 
but in timing, since they were most widespread and acute at 1 week and were 
healing at 2 weeks after injection.  Moreover, lesions were observed in almost 
every animal. 
3.  Results of immunological studies were consistent with the interpretation 
that the pathological lesions were due to an antigen-antibody reaction in the 
tissues, as shown by the following: 
(a) Acute lesions were only observed when antigen was present and before 
antibody appeared in the circulation. 
(b)Healing of lesions was only observed (with one exception) when antigen 
had almost or completely disappeared from the circulation, usually with the 
appearance of antibody. 
(c) There was a correlation between the rapidity of evolution of the lesions 
and  the  rapidity with which  the  antigen disappeared  from  the  circulation. 
(d) There was a rough correlation between the proportion of animals show- 
ing lesions and the proportion  developing antibodies after  the injection of a 
particular protein solution. 
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PLA'rg 32 
Fxo.  1. No.  4-7,  sacrificed  1 week after injection  of  crystallized bovine  serum 
albumin.  This sharply delimited segment of a  coronary artery shows swelling of 
endothelial cells and smooth muscle cells with infihration by a few mononuclear and 
polymorphonudear leucocytes.  Eosin and methylene blue.  X 470. 
FIo. 2. No. 5-4, sacrificed 2 weeks  after injection  of  crystallized  bovine  serum 
albumin.  This segment of mesenteric artery shows striking infiltration and prolifera- 
tion of mononudcar cells in the intimal layer, between endothelium and internal 
elastic membrane.  Eosin and methylene blue.  X  675. 
Fxo. 3. No.  6-0, sacrificed  3  weeks  after injection of crystallized  bovine  serum 
albumin.  The reparative proliferation of fibroblasts  and the deposition  of collagen 
have resulted in marked thickening  of the intimal layer of this coronary artery. 
There is also deposition of new connective tissue in the musculature and adventitia. 
The smooth muscle ceils remain swollen and there is some interstitial edema.  Rela- 
tively  few  mononudear  and  polymorphonudear leucocytes  remain.  Eosin  and 
methylene blue.  X 250. 
Fxo. 4. No. 4-1, sacrificed 4 weeks after injection of crystallized bovine serum al- 
bumin.  The  reparative process  is  essentially  complete in  this  coronary artery. 
The thickening of the intimal and muscular layers has narrowed the lumen.  The 
segmental character of the lesion is evident.  Scattered lymphocytes remain in the 
adventitial and in the intimal and muscular coats but the proliferation of fibroblasts 
and deposition of cohagen appear to be completed.  Eosin and  methylene blue. 
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FIG. 5.  3,1o. 2-5, sacrificed 1 week after injection of bovine serum gamma globulin. 
The glomerulus is swollen.  The endothelial cells of the capillary tufts appear turgid. 
Acidophilic coagula block many  of  the  capillaries.  Polymorphonuclear leucocytes 
are to  be seen penetrating the capillary basement membranes.  The adjacent con- 
voluted  tubular  epithelium  appears  slightly swollen.  Eosin  and  methylene  blue. 
X  500. 
FIG. 6.  No. 3-5, sacrificed 3 weeks after injection of bovine serum  gamma  globulin. 
There are adhesions between glomeru]ar tufts and Bowman's capsule, as well as be- 
tween  adjacent  tufts.  There has  been  proliferation  of  the  epithelial lining of  the 
capsule.  The tubules appear normal.  There is no evidence of a progressive inflam- 
matory  process,  l~osin and  methylene  blue.  ×  500. 
FIG. 7. No.  2-3, sacrificed 1 week after injection of bovine serum gamma globulin. 
At the base of the heart valve there is this focal lesion.  The central region shows 
swollen and fragmented collagen fibers.  There are a  few polymorphonuclear leuco- 
cytes around this area but much more numerous are monocytes, "Anitschkow myo- 
cytes"  with  elongated  chromatin  structures,  and  fibroblasts.  The  resemblance  to 
an"Aschoff body" is strong.  Eosin and methylene blue.  ×  300. 
FIG. 8.  No. 2-2, sacrificed 1 week after injection of bovine serum gamma globulin. 
The synovial membrane of the knee joint shows focal accumulations of inflammatory 
cells, predominantly monocytic in character.  There is also moderate edema as evi- 
denced by  the  separation of  the  subjacent  connective  tissue fibers.  Hematoxylin 
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FIG. 9.  No. 2-5, sacrificed 1 week after injection of bovine serum gamma globulin. 
Focal necrosis of liver cord cells with penetration by polymorphonuclear leucocytes. 
There is also marked infiltration of mononuclear cells beneath the sinusoidal endo- 
thelium in the necrotic focus, and at its periphery.  Some of these appear to have 
occluded the sinusoids.  Eosin and methylene blue.  X  300. 
FIG. 10.  No.  1-0,  sacrificed 2 weeks after injection of bovine serum.  This mesen- 
teric artery shows  extensive acute  inflammatory changes.  There  is  infiltration of 
the  vessel wall and  adventitia by  polymorphonuclear leucocytes,  monocytes,  and 
lymphocytes.  Fibrin is deposited within  the  vessel wall,  and  particularly at  the 
juncture of musculature and adventitia.  The segment adjacent to the vein is spared 
lhe inflammatory process.  There is a  subendothelial accumulation of inflammatory 
cells, predominantly monocyfic in character, in this portion of the vein.  Hematoxylin 
am| eosin.  X  80. 
FIG.  II.  No.  4-1,  sacrificed 4  weeks  after  injection  of  crystallized bovine  serum 
albumin.  This healed lesion again illustrates the segmental character of the inflam- 
matory and  repair process.  The  segment  of  this renal arcuate artery adjacent to 
the vein shows no change.  Elsewhere there is marked thickening of the intima by 
newly  formed  connective  tissue.  A  few  lymphocytes  remain  in  the  vessel  wall. 
Eosin and methylene blue.  X  130. 
FIG. 12.  No.  1-2,  sacrificed 4  weeks after injection of whole bovine serum.  Th':s 
mesenteric artery shows marked narrowing of the lumen by the reparative proliferation 
of intimal connective tissue and smooth muscle.  The bundles formed have a rudi- 
mentary circular arrangement.  The internal elastica has been buried and fragmented. 
The  elastic fibers of  the externa  and  adventitia have  been  destroyed.  Verhoeff's 
stain for elastic tissue.  X 45. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  85  PLATE  34 
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